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ABSTRACT 
The s t o r a b i l i t y  of s o l u t i o n s  o f  10 t o  30% (W/W) of ammonium per -  
c h l o r a t e  i n  hydraz ine  was e s t a b l i s h e d  by de te rmin ing  t h a t  t h e i r  u l l a g e  
p r e s s u r e s  a t  t e m p e r a t u r e s  from 50' t o  75'C (122' t o  167'F) remained con- 
s t a n t  for o v e r  7 months; t h e  f r e e z i n g  p o i n t s  of t h e s e  s o l u t i o n s  ranged 
from about  -5' t o  -25'C (23' t o  -13'F). 
t e m p e r a t u r e s  w a s  de te rmined  b y  JANAF Method No. 6 ;  w i t h  t h i s  equipment ,  
i t  was p o s s i b l e  t o  de te rmine  t h a t  s o l u t i o n s  of 1 0  t o  30% ammonium per-  
c h l o r a t e  may be s t o r e d  a t  t empera tu res  i n  t h e  v i c i n i t y  of 80'C (176'F) 
f o r  a s  l ong  a s  18 h o u r s  wi thou t  r u p t u r e  of 1800-ps ig  diaphragms,  b u t  
d e t o n a t i o n  occur red  w i t h i n  one hour a t  about  100'C. The s o l u t i o n s  d e t -  
o n a t e d  a t  about  160'C (320'F) when hea ted  a t  r a t e s  i n  e x c e s s  of 10'C 
p e r  minute ;  a t  s i m i l a r  h e a t i n g  r a t e s ,  hydraz ine  d i d  no t  d e t o n a t e ,  b u t  
it r a p i d l y  gene ra t ed  p r e s s u r e  a t  220'C (428'F) and r u p t u r e d  1800-ps ig  
burs t -d iaphragms i n  t h e  JANAF appa ra tus .  
The the rma l  s t a b i l i t y  a t  h i g h e r  
INTRODUCTION 
The o b s e r v a t i o n  t h a t  s o l u t i o n s  of ammonium p e r c h l o r a t e  i n  hydraz ine  
appea r  t o  have low f r e e z i n g  p o i n t s  prompted i n t e r e s t  t h a t  such  mix tu res  
might  have a p p l i c a t i o n s  as monopropel lants  i n  s y s t e m s  where a much lower 
f r e e z i n g  p o i n t  t h a n  hydraz ine  i s  r e q u i r e d .  
S o l u t i o n s  of ammonium p e r c h l o r a t e  i n  hydraz ine  a r e  e q u i l i b r i u m  mix- 
t u r e s  c o n t a i n i n g  hydraz ine  p e r c h l o r a t e  and d i s s o l v e d  ammonia: 
N H C104 + NH3 N H + NH C 1 0 4 e  2 5  2 4  4 
Accord ing ly ,  when t h e s e  s o l u t i o n s  a r e  f r o z e n ,  t h e y  e x h i b i t  t h e  impact 
s e n s i t i v i t y  of s o l i d  hydraz ine  p e r c h l o r a t e  and some exper iments  a t  JPL 
showed t h a t  t h e  f r o z e n  mix tu res  a r e  indeed.  shock s e n s i t i v e .  A d d i t i o n a l l y ,  
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i t  was a n t i c i p a t e d  t h a t  t he  the rma l  s t a b i l i t y  of  t h e  s o l u t i o n s  would be 
cons ide rab ly  lower t h a n  hydraz ine  a l o n e  because  of t h e  p r e s e n c e  of 
p e r c h l o r a t e .  I n  f a c t ,  b e f o r e  the mix tu res  of ammonium p e r c h l o r a t e  and 
hydraz ine  could be  g iven  f u r t h e r  c o n s i d e r a t i o n  a s  monoprope l l an t s ,  i t  
was necessa ry  t o  de t e rmine  whether t h e y  could  be s t o r e d  w i t h o u t  slow 
g e n e r a t i o n  of gaseous p r e s s u r e  a t  the  t empera tu re  ind igenous  t o  r o c k e t r y  
(-60°C t o  +6OoC), and whether  t h e y  would show t e n d e n c i e s  t o  d e t o n a t e  or 
decompose v i o l e n t l y  a t  t e m p e r a t u r e s  expected t o  be  encoun te red  i n  t h e  
c o o l a n t  passages  or i n  t he  i n j e c t o r s  of r o c k e t s  or g a s  g e n e r a t o r s .  
Reagents  
The hydraz ine  used i n  t h e  d e t e r m i n a t i o n s  (Matheson, Coleman, and 
B e l l )  assayed a s  f o l l o w s :  
1.91% H2° 
NH3 0.06% 
‘gHgNH2 0.16% 
The ammonium p e r c h l o r a t e  ( F i s h e r  S c i e n t i f i c ,  a n a l y t i c a l - r e a g e n t  
g r a d e )  was used a s  r e c e i v e d ;  i t s  a s s a y  i s  known t o  be i n  e x c e s s  of 99.5% 
(from p r i o r  work a t  JPL) and i t s  water c o n t e n t  seldom exceeds  0.1%. 
VAPOR PRESSURE AND STORABILITY 
The i n i t i a l  work on s o l u t i o n s  of ammonium p e r c h l o r a t e  i n  h y d r a z i n e  
involved  f a b r i c a t i o n  of an a p p a r a t u s  which would p e r m i t  measuring vapor  
p r e s s u r e s  a t  t e m p e r a t u r e s  up t o  6OoC and de te rmin ing  whether decomposi- 
t i o n  occurred  s lowly .  The r e s u l t s  from t h i s  work would de te rmine  n o t  
o n l y  whether t h e  s o l u t i o n s  were s t o r a b l e ,  b u t  a l s o  whether i t  would be  
a d v i s a b l e  t o  i n v e s t  funds  t o  de te rmine  the rma l  s t a b i l i t y  a t  e l e v a t e d  
t empera tu re ;  c l e a r l y ,  i f  a c a n d i d a t e  monopropel lant  can  n o t  be  p repa red  
and s t o r e d ,  t h e r e  i s  l i t t l e  r e a s o n  t o  c o n t i n u e  i t s  i n v e s t i g a t i o n .  I t  
was recognized t h a t  the s o l u t i o n s  would have e q u i l i b r i u m  vapor  composi- 
t i o n s  c o n s i s t i n g  of ammonia and hydraz ine  and t h a t  the  vapor  p r e s s u r e s  
2 
developed would be, i n  the  main, due t o  ammonia, and t h a t  a l l  s o l u t i o n s  
would have t o  be p repa red  and t r e a t e d  so a s  t o  p r e v e n t  l o s s  of ammonia 
a t  any t i m e  d u r i n g  t h e  a n t i c i p a t e d  long  s t o r a g e  terms. 
If decomposi t ion of hydraz ine  were t o  be c a t a l y z e d  by t h e  p re sence  
of  p e r c h l o r a t e ,  t hen  the apparent  vapor  p r e s s u r e  would i n c r e a s e  w i t h  
t i m e ,  s lowly  i f  t he  decomposi t ion w e r e  t o  g e n e r a t e  a preponderance  of 
ammonia (which is  q u i t e  s o l u b l e  i n  h y d r a z i n e ) ,  and r a p i d l y  i f  n i t r o g e n  
or hydrogen were evolved:  
(3 + x ) N ~ H ~ ~  ~ N H  + (I + X ) N ~  + ~ X H ~  3 
N H d N 2  + 2H2 
2 4  
O x i d a t i v e  r e a c t i o n s  of hydraz ine  and ammonium p e r c h l o r a t e  would be de- 
tected by an i n c r e a s e  i n  p r e s s u r e  from l i b e r a t e d  n i t r o g e n ,  bu t  i t  would 
n o t  be p o s s i b l e  t o  de te rmine  from the  p r e s s u r e  increment  whether o x i d a t i o n  
or c a t a l y s i s  is  r e s p o n s i b l e :  
4NH C 1 0  + 5 N  H - r 7 N 2  + 1 6 H 2 0  + 4HC1 4 4  2 4  
On t h e  o t h e r  hand, i f  t he  o x i d a t i v e  r e a c t i o n  w e r e  t o  r e s u l t  i n  a t e t r a z a n e ,  
e . g .  9 
8 N  H + NH4C104+4NH NHNHNH2 + 4 H 2 0  + NH4C1 2 4  2 
the  fo rma t ion  of wa te r  would s c a r c e l y  be d e t e c t a b l e  excep t  t h a t  there 
might  be a drop  i n  appa ren t  vapor p r e s s u r e  due t o  t h e  enhanced s o l u b i l i t y  
of ammonia i n  wa te r .  I f  t h e  t e t r a z a n e  fo rma t ion  w e r e  t o  occur  w i t h  
concomi tan t  fo rma t ion  of n i t r o g e n ,  
1 0 N  H + 2NH4C104-bN2 + 2 H C 1  -I- 8 H  0 + 5NH2NHNHNH2 , 2 4  2 
t h e  d e c r e a s e  i n  p r e s s u r e  due t o  the inc reased  s o l u b i l i t y  of ammonia i n  
t h e  gene ra t ed  wa te r  might o f f s e t  t h e  i n c r e a s e  i n  p r e s s u r e  due t o  n i t e o g e n ,  
and the  o x i d a t i o n  would remain e s s e n t i a l l y  unde tec t ed .  Of c o u r s e ,  t h e  
d e t e c t i o n  of a s u b s t a n t i a l  i n c r e a s e  i n  wa te r  c o n t e n t  i n  t h e  mix tu res  
3 
would be ample ev idence  t h a t  o x i d a t i o n  r e a c t i o n s  took p l a c e ,  bu t  t h e  
wa te r  a n a l y s i s  would have t o  w a i t  u n t i l  t h e  end of a pro longed  s t o r a g e  
p e r i o d .  
Many types  of equipment were cons ide red  b e f o r e  t h e  a p p a r a t u s  i n d i c a t e d  
i n  F i g u r e  1 was selected.  Chief among t h e  c o n s i d e r a t i o n s  was t h e  u s e  of 
nonmetal s y s t e m s  t o  avo id  t h e  p o s s i b i l i t y  of c a t a l y t i c  decomposi t ion  of 
hydraz ine  and t h u s  l e a d  t o  an e r roneous  i n d i c a t i o n  of t h e  i n s t a b i l i t y  
of t h e  monopropel lant  s y s t e m ;  p r i o r  work a t  JPL had i n d i c a t e d  t h a t  
hydraz ine  and ammonium p e r c h l o r a t e  were by themselves  s t a b l e  i n  g l a s s  
sys tems c o n t a i n i n g  mercury. The a p p a r a t u s  was l i m i t e d  t o  e s s e n t i a l l y  one 
atmosphere of p r e s s u r e  because  of t h e  m e r c u r i a l  barometer  l e g  ( F i g u r e  l), 
bu t  t h i s  was n o t  c o n s i d e r e d  a d e t e r r e n t  s i n c e  a v a i l a b l e  d a t a  i n d i c a t e d  
t h a t  t h e  p a r t i a l  p r e s s u r e  of hydraz ine  and t h e  p a r t i a l  p r e s s u r e  of 
ammonia d i s s o l v e d  i n  hydraz ine  would b a r e l y  t o t a l  760 mm a t  t e m p e r a t u r e s  
of i n t e r e s t  f o r  long-term s t o r a g e .  
The appa ra tus  des igned  t o  obse rve  vapor  p r e s s u r e  and s t o r a b i l i t y  
of t h e s e  s o l u t i o n s  is shown i n  F i g u r e  1. The a p p a r a t u s  c o n s i s t e d  of a 
sample chamber t h a t  was connec ted  t o  a 80-cm s i d e  arm. The e n t i r e  u n i t  
was housed i n  a l a r g e - d i a m e t e r  g l a s s  h e a t e r  des igned  t o  m a i n t a i n  t h e  
sample chamber and t h e  r e s u l t i n g  mercury column a t  a uni form t empera tu re  
by a winding of r e s i s t a n c e  w i r e .  The t empera tu re  of t h e  system could  
be v a r i e d  from room tempera tu re  t o  about  1 0 0 ° C  by c o n t r o l l i n g  energy  
i n p u t  w i t h  a v a r i a b l e  a u t o t r a n s f o r m e r .  
Three long-term s t o r a g e  samples  were p repa red  w i t h  c o n c e n t r a t i o n s  
of t e n ,  twenty ,  and t h i r t y  p e r  c e n t  (W/W) ammonium p e r c h l o r a t e  i n  
hydraz ine .  Each sample s o l u t i o n  was p l a c e d  i n  t h e  sample chamber 
( F i g u r e  1) v i a  a s h o r t  open neck a t  t h e  t o p  of t h e  chamber. 
t i o n  was f r o z e n  by l i q u i d  n i t r o g e n  w h i l e  t h e  s i d e  arm was immersed i n  
mercury,  and t h e  s y s t e m  was evacua ted  through t h e  sample e n t r y  p o r t .  
A f t e r  t h e  s y s t e m  was evacua ted  e n t i r e l y ,  t h e  e n t r y  p o r t  was s e a l e d - o f f  
w i t h  a hand t o r c h .  Each s t o r a g e  u n i t  was p l a c e d  w i t h i n  i t s  g l a s s  
h e a t e r  u n i t  and t h e  t e m p e r a t u r e  was a d j u s t e d  by means of a v a r i a b l e  
au to t r ans fo rmer .  A s  t h e  t empera tu re  i n c r e a s e d ,  t h e  vapor  p r e s s u r e  of 
hydraz ine  and t h e  p r e s s u r e  of t h e  ammonia produced by r e a c t i o n  of N H 
The so lu -  
2 4  
4 
' A  
w i t h  NH4C10 
was g r a d u a l l y  i n c r e a s e d  ove r  a p e r i o d  of s e v e r a l  days i n  s m a l l  increments  
i n  o r d e r  t o  obse rve  t h e  s t a b i l i t y  of t h e  N2H4-NH (210 
c r e a s i n g  tempera ture .  Any r a p i d  d e p r e s s i o n  of t h e  mercury column would 
have i n d i c a t e d  decomposi t ion of t h e  sample. The p r e s s u r e s  w i t h i n  t h e  
columns a t  each t empera tu re  were noted  and p l o t t e d .  F i n a l  s t o r a g e  
t empera tu res  ( s e l e c t e d  t o  g i v e  about  one atmosphere of p r e s s u r e )  were 
a s  f o l l o w s :  
dep res sed  the  mercury column. The t empera tu re  of e a c h  u n i t  
4 
mix tu re  w i t h  in- 4 4  
wt-% N H ~ C I O ~  i n  N ~ H ~  Temperature ,  O C  
10 
20 
30 
75 
60 
52 
The curves  shown i n  F i g u r e  2 r e p r e s e n t  t h e  combined vapor  p r e s s u r e s  
of hydraz ine  and ammonia ove r  t h e  1 0 ,  20,  and 30% s o l u t i o n s  w i t h  in- 
c r e a s i n g  tempera ture .  I t  can be s e e n  t h a t  t h e  e f f e c t  of a g r e a t e r  con- 
c e n t r a t i o n  of ammonium p e r c h l o r a t e  and hydraz ine  i s  t o  i n c r e a s e  t h e  
vapor  p r e s s u r e ,  presumably due t o  a h i g h e r  c o n c e n t r a t i o n  of ammonia 
formed by the  e q u i l i b r i u m  r e a c t i o n :  
N 2 4  H + NH 4 C 1 0 4 s  N 2 5  H C104 
+ NH3 
A f t e r  t h e  f i n a l  a d j u s t m e n t s  i n  s t o r a g e  t e m p e r a t u r e s  were made, t h e  
mercury column h e i g h t  and sample t empera tu re  f o r  each  t es t  w e r e  examined 
p e r i o d i c a l l y  ove r  a seven-month p e r i o d .  
N o  ev idence  o f  decomposi t ion  was observed  f o r  any of t h e  m i x t u r e s  
a t  t h e i r  s t o r a g e  t e m p e r a t u r e s  d u r i n g  t h e  seven-month p e r i o d ;  t h e  mercury 
columns remained a t  e s s e n t i a l l y  c o n s t a n t  l e v e l s  th roughout  t h e  s t o r a g e  
term. A t  the  end of t h e  s t o r a g e  t e r m ,  t h e  s o l u t i o n s  r ema in ing  i n  the  
sample b u l b  were ana lyzed  f o r  t h e i r  w a t e r  c o n t e n t  i n  o r d e r  t o  d e t e c t  i f  
nonpressure-developing  o x i d a t i v e  r e a c t i o n s  had o c c u r r e d .  N o  s i g n i f i c a n t  
i n c r e a s e  i n  water  c o n t e n t  was d e t e c t e d .  
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FIG. 2 VAPOR PRESSURE CURVES OF SOLUTIONS OF NH,CIO, IN N,H, 
7 
THERMAL STABILITY DETERMINATIONS 
The appa ra tus  and p rocedure  used  f o r  t h e  d e t e r m i n a t i o n  of  t h e  the rma l  
s t a b i l i t y  of ammonium p e r c h l o r a t e - h y d r a z i n e  m i x t u r e s  i s  e s s e n t i a l l y  t h a t  
d e s c r i b e d  i n  JANAF Method N o .  6 f o r  t e s t i n g  t h e  s t a b i l i t y  of monopropel- 
l a n t s ,  and c o n s i s t e d  of  a h e a t i n g  b a t h  and a s m a l l  s t a i n l e s s  s t ee l  bomb 
t h a t  was f i t t e d  w i t h  a thermocouple w e l l  and a r e p l a c e a b l e  burs t -d iaphragm.  
A s chemat i c  diagram of  t h e  bomb i s  shown i n  F i g u r e  3 .  The i n t e r n a l  volume 
of  t h e  bomb, w i t h  f i t t i n g s  i n  p l a c e ,  was about  1 . 3  cc .  The b u r s t -  
diaphragms were made of aluminum and des igned  t o  f a i l  a t  1800 * 100 p s i  
a t  room tempera tu re ,  a s  de te rmined  by h y d r o s t a t i c  t e s t i n g .  
The ba th  f o r  h e a t i n g  t h e  loaded  bomb was a hexagonal  aluminum b l o c k ,  
about  4 . 5  inches  a c r o s s ,  bored o u t  t o  c o n t a i n  t h e  bomb, and h e a t e d  by 
s i x  250-watt s t r i p - h e a t e r s .  Three  of  t h e s e  were ma in ta ined  a t  a c o n s t a n t  
l e v e l  of  hea t  i n p u t  by a v a r i a b l e  t r a n s f o r m e r ;  t h e  o t h e r  t h r e e  were con- 
t r o l l e d  by a t empera tu re  r e g u l a t o r .  
Fo r  s a f e t y ,  t h e  e n t i r e  o p e r a t i o n  was conducted  o u t d o o r s  and w i t h i n  
a heavy plywood s h e l t e r ;  t h e  o p e r a t o r  and c o n t r o l s  were about  50 f e e t  
away. The bomb was mounted on  a steel s h a f t  which cou ld  be r a i s e d  and 
lowered remote ly  by a bead-chain and p u l l e y  a r rangement .  A v i b r a t o r  was 
a t t a c h e d  t o  t h e  s h a f t  t o  a g i t a t e  t h e  b a t h  and t h e  sample.  F i g u r e  4 shows 
a g e n e r a l  l ayou t  of t h e  a p p a r a t u s .  
Two r e c o r d e r s  were connec ted  t o  measure t e m p e r a t u r e  d i f f e r e n c e s  
between t h e  sample w i t h i n  t h e  bomb and t h e  b a t h .  S i n c e  t h e  r e c o r d e r s  
were of t h e  n u l l - b a l a n c e  t y p e  and of i n h e r e n t l y  h i g h  r e s i s t a n c e ,  t h e r e  
w e r e  no problems w i t h  p a r a s i t i c  c u r r e n t s  or s h u n t i n g  e f f e c t s  between t h e  
t w o  thermocouples.  The r e c o r d e r  which was used  f o r  sample t e m p e r a t u r e  
measurements had a c h a r t  speed  of  about  1 cm/min and t h e  c h a r t  was grad- 
u a t e d  f r o m  0 t o  10 mv for  an  i r o n - c o n s t a n t a n  the rmocup le ,  which cor- 
r e sponds  t o  a t e m p e r a t u r e  r a n g e  of  O°C t o  abou t  20OoC.  
v o l t a g e  was inc luded  i n  t h e  c i r c u i t  so t h a t  it cou ld  be  swi t ched  on t o  
e x t e n d  t h e  r e c o r d e r  r ange  a n  a d d i t i o n a l  10 mv. The d i f f e r e n t i a l  t e m -  
p e r a t u r e  r e c o r d e r  was t h e  same a s  t h e  sample t e m p e r a t u r e  r e c o r d e r  b u t  i t  
A 10-mv bucking  
8 
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was n o t  connected t o  a bucking  v o l t a g e  s o u r c e  because  t h e  r e c o r d e r  was 
o n l y  t o  i n d i c a t e  t h e  d i f f e r e n c e  i n  t e m p e r a t u r e  between t h e  b a t h  and t h e  
sample ,  and t h i s  v a l u e  r a r e l y  exceeded 3 mv. 
The sample thermocouple was made of 30-gage i r o n  and c o n s t a n t a n  
w i r e  p r o t e c t e d  by a 1 /16- inch  0 .d .  s t a i n l e s s  s tee l  s h e a t h ,  welded a t  t h e  
t i p .  The j u n c t i o n  was e l e c t r i c a l l y  i n s u l a t e d  from t h e  s h e a t h  t o  avo id  
a s h o r t  c i r c u i t  p a t h  th rough  t h e  s h e a t h ,  bomb, and t h e  b a t h  t o  t h e  o t h e r  
thermocouple.  The b a t h  and r e f e r e n c e  thermocouples  were of  16-gage i r o n  
and c o n s t a n t a n  w i r e  and w e r e  a l s o  e l e c t r i c a l l y - i n s u l a t e d  t o  avo id  s h o r t -  
c i r c u i t s .  The thermocouples and t h e  e n t i r e  d i f f e r e n t i a l  sys tem were 
a p p r o p r i a t e l y  c a l i b r a t e d .  
The s t a i n l e s s  s tee l  bomb shown i n  F i g u r e  3 was loaded  w i t h  a f r e s h l y -  
p repa red  ammonium p e r c h l o r a t e - h y d r a z i n e  s o l u t i o n ;  t h e n  t h e  sample thermo- 
coup le  and t h e  b u r s t  diaphragm were screwed i n t o  p l a c e  and t h e  bomb was 
f a s t e n e d  t o  t h e  lower ing  s h a f t  j u s t  above t h e  h e a t i n g  b a t h .  A sample 
volume of  about  0.5 m l ,  l e a v i n g  an  u l l a g e  of abou t  0.8 m l ,  was used  f o r  
t h e s e  d e t e r m i n a t i o n s .  (Computations showed t h a t  t h e  d e t o n a t i o n  of  1 m l  
of n i t r o g l y c e r i n e  i n  t h e  bomb was w i t h i n  t h e  s a f e t y  r e g u l a t i o n s  and 
bulwarks  set up  f o r  t h i s  program of  work . )  I t  was c o n s i d e r e d  d e s i r a b l e  
t o  minimize t h e  sample volume; samples  s m a l l e r  t h a n  0 .5  m l ,  however,  
were n o t  used because  t h e  s o l u t i o n s  cou ld  n o t  make c o n t a c t  w i t h  t h e  
thermocouple .  Before t h e  bomb was lowered i n t o  t h e  h e a t i n g  b a t h ,  t h e  
b a t h  was hea ted  from 20' t o  3 O o C  above t h e  sample t e m p e r a t u r e  so t h a t  
when t h e  bomb was lowered i n t o  t h e  b a t h ,  t h e  sample t empera tu re  would 
i n c r e a s e  monotonica l ly  d u r i n g  t h e  t es t .  
I n i t i a l  b a t h  t e m p e r a t u r e s  and h e a t i n g  r a t e s  w e r e  such  t h a t  t h e  
t o t a l  t i m e  f o r  a t es t  was between 6 and 1 2  minu tes .  T h i s  d u r a t i o n  was 
chosen ,  somewhat a r b i t r a r i l y ,  so t h a t  tests w e r e  l o n g  enough f o r  s t eady-  
s t a t e  h e a t i n g  c o n d i t i o n s  t o  become e s t a b l i s h e d  ( i . e . ,  c o n s t a n t  t e m p e r a t u r e  
d i f f e r e n c e  between b a t h  and s a m p l e ) ,  b u t  s h o r t  enough t o  avo id  sub- 
s t a n t i a l  d e g r a d a t i o n  of  t h e  sample b e f o r e  t h e  t e m p e r a t u r e  r a n g e  was 
reached  i n  which r a p i d  r e a c t i o n  took  p l a c e .  To d e t e r m i n e  t h e  maximum 
tempera tu re  a t t a i n a b l e  b e f o r e  d e g r a d a t i o n  and d e t o n a t i o n  o c c u r r e d ,  t h e  
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bomb was lowered i n t o  t h e  b a t h  b e f o r e  h e a t  was a p p l i e d  and t h e  b a t h  and 
sample were h e a t e d  t o g e t h e r  i n  a s t e p w i s e  f a s h i o n ,  h o l d i n g  t h e  sample a t  
each  increment  fo r  a pro longed  i n t e r v a l  ( abou t  30 m i n u t e s ) .  
was i n  o p e r a t i o n  throughout  t h e  tests s i n c e  i t  was d e s i r a b l e  t o  i n c r e a s e  
h e a t  t r a n s f e r  r a t e s  between t h e  b a t h  and sample and t o  minimize t empera tu re  
g r a d i e n t  i n  t h e  sample.  
The v i b r a t o r  
A f t e r  s e v e r a l  a t t e m p t s  t o  de t e rmine  t h e  approximate maximum t e m -  
p e r a t u r e  a t  which m i x t u r e s  of hydraz ine  and ammonium p e r c h l o r a t e  were 
s t a b l e ,  i t  became e v i d e n t  t h a t  t w o  d i s t i n c t l y  d i f f e r e n t  t y p e s  of b u r s t -  
diaphragm f a i l u r e s  were be ing  encountered .  The f i rs t  t y p e  o c c u r r e d  when 
t h e  t e s t i n g  p e r i o d  spanned less t h a n  15 minutes  and t h e  sample t empera tu re  
was i n c r e a s e d  monotonica l ly  up t o  i t s  d e t o n a t i o n  p o i n t .  The second t y p e  
o c c u r r e d  when a t t e m p t s  were made t o  f i n d  t h e  maximum tempera tu re  t h a t  
cou ld  be ma in ta ined  w i t h o u t  caus ing  a burst-diaphragm f a i l u r e .  Here, 
the t e s t i n g  p e r i o d s  spanned i n t e r v a l s  of g r e a t e r  t h a n  15 minu tes ,  and 
the t empera tu re  was i n c r e a s e d  s lowly  i n  a s t e p w i s e  f a s h i o n  and h e l d  for  
a l ong  i n t e r v a l  of t i m e  a t  each  s t e p .  
The f irst  t y p e  of burst-diaphragm f a i l u r e  c l e a r l y  i s  a r e s u l t  of a 
d e t o n a t i o n ,  f o r  t h e  burst-diaphragm was punched o u t  c l e a n l y .  I n  most 
cases,  a loud  r e p o r t  cou ld  be  heard e a s i l y  i n  t h e  c o n t r o l  room 50 feet  
from t h e  r emote ly -con t ro l l ed  appa ra tus .  The bomb was always d r y  and 
f ree  of r e s i d u e  a f t e r  t h e  d e t o n a t i o n s  which r e s u l t e d  from r a t e s  of hea t -  
i n g  g r e a t e r  t h a n  10°C/min; i n  t h e s e  i n s t a n c e s  t h e  d e t o n a t i o n  t empera tu re  
was i n  t h e  v i c i n i t y  of 1 6 O o C .  
t o  less t h a n  10°C/min b u t  g r e a t e r  t h a n  5'C/min, t h e  d e t o n a t i o n s  occur red  
a t  about  17OoC.  
was less than  15 minutes  and t h e  l e n g t h  of t i m e  t h e  samples  were main- 
t a i n e d  above 1 0 0 ° C  was less than  10 minutes .  
When t h e  r a t e  of h e a t i n g  was dec reased  
A s  p r e v i o u s l y  mentioned, t h e  d u r a t i o n  of  t h e s e  tests 
The second t y p e  of burst-diaphragm f a i l u r e  occur red  a t  much lower 
t e m p e r a t u r e s  ( i n  t h e  v i c i n i t y  of 1 0 0 ° C )  when a sample was ma in ta ined  f o r  
pro longed  p e r i o d s  of from 1 0  minutes t o  1-1/2 h o u r s  a t  c o n s t a n t  t e m -  
p e r a t u r e .  Here, t h e  b u r s t  diaphragm f a i l u r e  presumably was due  t o  
p r e s s u r e  i n c r e a s e s  from c a t a l y t i c  or p a r t i a l  o x i d a t i v e  decomposi t ion  of 
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h y d r a z i n e  a c c e l e r a t e d  by t h e  p r e s e n c e  of  t h e  p e r c h l o r a t e .  Although t h e  
burst-diaphragms were punched o u t  c l e a n l y  a s  i f  by d e t o n a t i o n ,  t h e  loud  
r e p o r t s  c l e a r l y  a s s o c i a t e d  w i t h  d e t o n a t i o n s  a s  no ted  above were se ldom 
heard  and t h e r e  was,  i n  a l l  t h e s e  c a s e s ,  a r e s i d u e  of h y d r a z i n e  p e r c h l o r a t e ,  
ammonium p e r c h l o r a t e ,  ammonium c h l o r i d e ,  or a complex m i x t u r e  of t h e s e  
compounds. The r e s i d u e  was i g n i t a b l e .  
I n  a n  a t tempt  t o  de te rmine  whether  t h e  s t a i n l e s s  s t ee l  bomb m a t e r i a l  
i t s e l f  or t r a c e s  of c h l o r i d e  r e s i d u e s  were c a t a l y z i n g  t h e  decomposi t ion 
of t h e  hydraz ine ,  p u r e  hydraz ine  was h e a t e d  i n  t h e  bomb; i t  was presumed 
t h a t  t h e  r a t e  of decomposi t ion was much s lower  because when t h e  diaphragms 
f a i l e d  they  were convex and t h e  r u p t u r e s  w e r e  t h i n  h a i r - l i n e  c r a c k s ,  n o t  
cleanly-punched h o l e s .  F u r t h e r ,  t h e  p u r e  hydraz ine  samples could  be 
h e a t e d  t o  about 22OoC b e f o r e  t h e  b u r s t  diaphragms f a i l e d .  H e n c e , i t  was 
concluded t h a t  t h e  p e r c h l o r a t e  and not  t h e  s t a i n l e s s  steel  was c a u s i n g  
t h e  decomposition of h y d r a z i n e .  The s t a i n l e s s  s teel  i n  t h e  bomb was 
p a s s i v a t e d  by t r e a t m e n t  w i t h  n i t r i c  a c i d  i n  an  a t t e m p t  t o  d e t e r m i n e  
whether  c a t a l y s i s  was o c c u r r i n g  a t  s i tes a c t i v a t e d  by c h l o r i d e  i o n  from 
p r e v i o u s  r u n s ,  bu t  no d i f f e r e n c e  i n  r e s u l t s  was observed .  
The r e s u l t s  of t h e  d e t o n a t i o n  d e t e r m i n a t i o n s  a r e  summarized i n  
Tables  I and 11. The s t a b i l i t y  a t  about  1 0 0 ° C  f o r  m i x t u r e s  c o n t a i n i n g  
about 20% ammonium p e r c h l o r a t e  i s  i n d i c a t e d  i n  Table  111. 
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1 0 . 5  
22.1 
29.2 
3 2 . 3  
Table  I 
DETONATION TEMPERATURES OF N2Hq-NHqC104 MIXTURES 
( R a t e  of h e a t i n g  less t h a n  10°C/min 
but  g r e a t e r  t h a n  5'C/min) 
Detonat ion  Tem- 
p e r a t u r e ,  O C  
178  
171  
172 
1 6 6  
168 
% NH4c104 
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Table I1 
DETONATION TEMPERATURES OF N2Hq-NHqC10 MIXTURES 
( R a t e  of h e a t i n g  g r e a t e r  t h a n  1 0 ° C / m i n )  
$7 NH4c10* 
19.3 
20.4 
27.5 
Detona t ion  Tem- 
p e r a t u r e ,  OC 
164 
160 
159 
Table 111 
STABILITY OF NH C104-N2Hq MIXTURES AT ABOUT 1 0 0 ° C  
Time I n t e r v a l ,  $7 NH4c104 1 min De tona t ion  Tem- p e r a t u r e ,  OC 
21.3 
18.0 
18.9 
20.7 
23.5 
22.8 
13 
95.5 109 
40 101 
57.5 98 
42.5 102 
22 98 
18 h r  a t  80°C d i d  n o t  d e t o n a t e  
FREEZING POINT DETERMINATIONS 
The f r e e z i n g  p o i n t  i s  d e f i n e d  a s  be ing  i d e n t i c a l  w i t h  t h e  m e l t i n g  
p o i n t ;  t h e  me l t ing  p o i n t  i s  t a k e n  a s  t h e  t empera tu re  when t h e  l a s t  p a r t i c l e  
of f r o z e n  m a t e r i a l  v a n i s h e s ,  or when t h e  t empera tu re  of t h e  medium de- 
t e c t a b l y  i n c r e a s e s  a t  c o n s t a n t  energy  i n p u t .  O t h e r ,  more p r e c i s e  d e f i -  
n i t i o n s  could be g i v e n ,  bu t  t h e  ones  noted  h e r e  app ly  t o  t h e  expe r imen ta l  
p rocedure  adopted i n  t h i s  work. For example, i f  one measures  t h e  
" f r e e z i n g  p o i n t "  of a l i q u i d  by c o o l i n g  it s lowly  u n t i l  it i s  supercooled  
and t h e  v i s c o s i t y  i n c r e a s e s  so much t h a t  it i s  e s s e n t i a l l y  immobile 
( ' 'pour p o i n t " ) ,  t h e n  t h e  ammonium p e r c h l o r a t e - h y d r a z i n e  s o l u t i o n s  used 
i n  t h i s  work can be s a i d  t o  have much lower ' ' f r e e z i n g  p o i n t s "  t han  
i n d i c a t e d  by d i sappea rance  of t h e  l a s t  p a r t i c l e  of f r o z e n  m a t e r i a l .  
Although "pour-point"  f a v o r s  a mixture  when it  i s  cons ide red  a s  a 
c a n d i d a t e  monopropel lant ,  t h e  f a c t  t h a t  c r y s t a l l i z a t i o n  or f r e e z i n g  o u t  
of a s o l i d  phase i s  always p o s s i b l e  through n u c l e a t i o n  or a g i t a t i o n  i n  
t h e  rocke t -engine  pumps or p r o p e l l a n t  d i s t r i b u t i o n  system makes it neces-  
s a r y  t o  use  d i sappea rance  of t h e  l a s t  p a r t i c l e  a s  a c r i t e r i o n  f o r  pro- 
p e l l a n t  f r e e z i n g  p o i n t  d e t e r m i n a t i o n s ,  F r e e z i n g  p o i n t s  measured i n  t h i s  
way p rov ide  a s s u r a n c e  t h a t  b lockage  of i n j e c t o r  p o r t s  and t h e  l i k e  w i l l  
no t  o c c u r .  
The usua l  methods f o r  de t e rmin ing  t h e  f r e e z i n g  p o i n t s  of v a r i o u s  
compounds r e q u i r e  p rox imi ty  of t h e  o p e r a t o r  t o  t h e  a p p a r a t u s  employed 
and t h e  s o l u t i o n s  t h a t  a r e  be ing  measured. I n  o r d e r  t o  de t e rmine  t h e  
f r e e z i n g  p o i n t s  of t h e  p o t e n t i a l l y - e x p l o s i v e  mix tu res  of ammonium per -  
c h l o r a t e  and h y d r a z i n e ,  equipment was f a b r i c a t e d  t h a t  could  be o p e r a t e d  
remote ly  wi thout  s a c r i f i c i n g  accuracy  of d a t a .  The i n s i d i o u s  n a t u r e  of 
hydraz ine  p e r c h l o r a t e  w a s  recognized  from t h e  s t a r t  of t h i s  work, and 
p r e c a u t i o n s  were t a k e n  t o  p r o t e c t  t h e  o p e r a t o r  from t h e  e x p l o s i o n  hazard  
p r e s e n t e d  by t h e  t r i b o e l e c t r i c a l  i g n i t i o n  of c r y s t a l s  which i n e v i t a b l y  
s e p a r a t e  a t  t h e  f r e e z i n g  p o i n t ,  
The f r e e z i n g  p o i n t s  of s o l u t i o n s  r ang ing  from a c o n c e n t r a t i o n  of 
0% t o  30% ammonium p e r c h l o r a t e  i n  hydraz ine  were measured by means of 
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a 5- thermel  system which was c a l i b r a t e d  a g a i n s t  pure  m a t e r i a l s  of  
a c c e p t e d  f r e e z i n g - p o i n t  v a l u e s .  
The o v e r - a l l  des ign  of t h e  f r e e z i n g - p o i n t  a p p a r a t u s  i s  shown i n  
F i g u r e  5. A 10-rpm motor w i t h  a cam and spr ing- loaded  f o l l o w e r  was 
used t o  o b t a i n  t h e  up-down s t i r r i n g  a c t i o n  found t o  be m o s t  s u i t a b l e  
f o r  t h e s e  d e t e r m i n a t i o n s .  The spr ing- loaded  f o l l o w e r  p e r m i t t e d  t h e  
stirrer t o  be f r o z e n  r i g i d l y  without  damaging t h e  motor or o t h e r  p a r t s  
o f  t h e  a p p a r a t u s .  The r e c i p r o c a t i n g  g l a s s  stirrer surrounded t h e  g l a s s -  
e n c l o s e d  thermocouple probe ,  which c o n t a i n e d  f i v e  2-mil thermocouples  
w i r e d  i n  series t o  i n c r e a s e  t h e  t h e r m o e l e c t r i c  o u t p u t  t o  v a l u e s  which 
could  e a s i l y  be measured by a 1-mv recorder. The space  w i t h i n  t h e  
double-wal l s  of t h e  sample t u b e  was evacuated ;  t h i s  p e r m i t t e d  t h e  sample 
t o  be cooled and warmed a t  a slow r a t e .  The sample t u b e  was i n i t i a l l y  
charged w i t h  ammonium p e r c h l o r a t e ,  and t h e  T e f l o n  i n j e c t i o n  p o r t  was 
used  f o r  t h e  i n t r o d u c t i o n  of hydraz ine ;  i n  t h i s  way, a c c u r a t e  m i x t u r e s  
were prepared  w i t h o u t  h a z a r d .  A Lab-Jack was used t o  r a i s e  and lower 
t h e  cold b a t h ;  Dry Ice was added through t h e  e n t r y  p o r t  a t  t h e  r e a r  of 
t h e  a p p a r a t u s  a s  r e q u i r e d .  
Continuous tempera ture  measurement was made p o s s i b l e  by t h e r m o p i l e s  
c o n s i s t i n g  of f i v e  copper-constantan c o u p l e s  i n  s e r i e s ;  a r e f e r e n c e  
t h e r m o p i l e  was kept  a t  i ce  tempera ture .  S i n c e  t h e  s i g n a l  g e n e r a t e d  was 
o f t e n  g r e a t e r  t h a n  1 m i l l i v o l t ,  a p r e c i s i o n  p o t e n t i o m e t e r  was used a s  
a v a r i a b l e  s o u r c e  t o  "buck" t h e  o u t p u t  and l e a v e  an e f f e c t  o f  less t h a n  
1 mv. The r e c o r d e r  and p o t e n t i o m e t e r  were l o c a t e d  a t  some d i s t a n c e  away 
from t h e  f r e e z i n g - p o i n t  appara tus .  
By n o t i n g  t h e  bucking v o l t a g e  f r o m  t h e  p o t e n t i o m e t e r  and t h e  v o l t -  
a g e  i n d i c a t e d  by t h e  r e c o r d e r ,  a p r e c i s e  d e t e r m i n a t i o n  of  t h e  s i g n a l  be- 
i n g  g e n e r a t e d  by t h e  thermopi le  could  be determined a t  any t i m e .  S i n c e  
t h e  r e f e r e n c e  s ide of t h e  thermopi le  was maintained a t  O°C, and t h e  
t e m p e r a t u r e  was measured o v e r  a wide range  above and below O°C, a 
r e v e r s i n g  swi tch  was p laced  i n  t h e  c i r c u i t  t o  make p o s s i b l e  r e c o r d i n g  
of t h e  f r e e z i n g  p o i n t  c u r v e  on a " l e f t - z e r o "  r e c o r d e r .  
1 5  
T t - 6 0 6 3 - 6  
FIG. 5 FREEZING POINT APPARATUS 
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Because t h e  d e t e r m i n a t i o n s  of t h e  f r e e z i n g  p o i n t s  of hydrazine-  
ammonium p e r c h l o r a t e  m i x t u r e s  were cons idered  hazardous ( s e n s i t i v i t y  of 
s o l i d  h y d r a z i n e  p e r c h l o r a t e ) ,  t h e  o p e r a t o r  was p r o t e c t e d  by heavy 
P l e x i g l a s  ( F i g u r e  5 )  and t h e  appara tus  was l o c a t e d  i n  a hood. The hood 
door  was k e p t  c l o s e d  a s  much a s  p o s s i b l e  d u r i n g  t h e  d e t e r m i n a t i o n s .  
A sample of  ammonium p e r c h l o r a t e  w a s  weighed i n t o  a prev ious ly-  
d r i e d  double-wal led test t u b e  and p laced  i n  p o s i t i o n  i n  t h e  a p p a r a t u s ,  
and t h e  s t i r r i n g  motor was turned on. A dry, 1 0 - m l  g a s - t i g h t  s y r i n g e  
was p a r t i a l l y  f i l l e d  w i t h  about 3 m l  of h y d r a z i n e  and weighed. The 
h y d r a z i n e  was i n j e c t e d  i n t o  t h e  sample t u b e  v i a  t h e  T e f l o n  e n t r y  p o r t ,  
and t h e  s y r i n g e  re-weighed. 
The ammonium p e r c h l o r a t e  was allowed t o  d i s s o l v e ,  and t h e  f r e e z i n g  
p o i n t  of t h e  s o l u t i o n  was determined (see F i g u r e  6 ) .  
the d e t e r m i n a t i o n ,  water  was i n j e c t e d  i n t o  t h e  sample t u b e  t o  d i l u t e  
t h e  s o l u t i o n  and r e n d e r  i t  i n s e n s i t i v e  t o  shock. A f t e r  t h e  w a t e r  was 
added,  t h e  a p p a r a t u s  was disassembled and c l e a n e d .  
A t  complet ion of 
I n  g e n e r a l ,  a l l  of t h e  hydrazine-ammonium p e r c h l o r a t e  mixtures  
became q u i t e  v i s c o u s  and e v e n t u a l l y  f r o z e  i n t o  g l a s s y  masses.  Super- 
c o o l i n g  was always e v i d e n t ,  bu t  t h e  e f f i c i e n c y  of s t i r r i n g  w a s  such t h a t  
i t  was kept  a t  a minimum. Without s t i r r i n g ,  t h e  mixtures  supercooled 
i n t o  v i s c o u s  l i q u i d s ,  and tempera tures  a s  much a s  20 t o  30 degrees  be- 
l o w  t h e  f r e e z i n g  p o i n t  could be observed.  
The d a t a  o b t a i n e d  from t h e  d e t e r m i n a t i o n  of t h e  f r e e z i n g  p o i n t s  of 
a series of s o l u t i o n s  of ammonium p e r c h l o r a t e  i n  h y d r a z i n e  a r e  p l o t t e d  
i n  F i g u r e  7 ;  t h e  a c t u a l  numerical  v a l u e s  a r e  recorded  i n  Table  I V .  The 
expec ted  f r e e z i n g  p o i n t s  (based on i d e a l  s o l u t i o n  b e h a v i o r )  were com- 
puted  a s  follows: 
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Table  I V  
OBSERVED AND CALCULATED MELTING POINTS 
FOR AMMONIUM PERCHLORATE-HYDmZINE SOLUTIONS 
$7 NH c104 4 
0.00 
0 .oo 
4.44 
4.61 
5.. 68 
9.06 
9.99 
14.71 
17.18 
18.49 
20.20 
20.34 
24.61 
25.15 
25.87 
28.00 
29.07 
31.19 
100.00 
97.87 
93.52 
93.36 
92.31 
89 .oo 
88.09 
83.47 
81.06 
79.77 
78.10 
77.96 
73.78 
73.26 
72.55 
70.47 
69.42 
67.34 
S 
N 
1.00000 
0,94963 
0.91469 
0.91333 
0.90478 
0.87714 
0.86017 
0.82848 
0.80623 
0.79439 
0.77895 
0.77780 
0.73656 
0.73132 
0.72413 
0.70286 
0.69191 
0.66967 
Observed Mel t ing  
P o i n t  , OC 
(+ 1.65)j' 
- 0.90 
- 2.78 
- 3.09 
- 3.05 
- 5.75 
- 6.11 
-10.21 
-12 .oo 
-13.05 
-14.48 
-14.41 
-20.10 
-21.34 
-20.27 
-24.80 
-23.95 
-25.61 
C a l c u l a t e d  
Mel t ing  P o i n t  
O C  
-- 
- 0.89 
- 2.70 
- 2.77 
- 3.23 
- 4.68 
- 5.11 
- 7.28 
- 8.51 
- 9.16 
-10.01 
-10.09 
-12.32 
-12.58 
-13.09 
-14.16 
-14.92 
-16.27 
j* L i t e r a t u r e  va lue .  
From t he  Clausius-Clapeyron e q u a t i o n  it can  e a s i l y  be  shown t h a t  
where 
AHf = 3.025 kcal /mole ,  t h e  h e a t  of f u s i o n  of t h e  s o l u t e ,  
hydraz ine  S 
Tf = the f r e e z i n g  p o i n t  of t h e  s o l u t i o n  
T = t h e  f r e e z i n g  p o i n t  of t h e  s o l u t e ,  274.8'K. 
S 
20 
Hence , 
. 
1.987(274.8)2.303 log 
3025 f S 
AT = 
= 0.41570 T l o g  N 
f S 
From t h e  m e l t i n g  p o i n t  of t h e  hydraz ine  used a s  t h e  s o l u t e ,  -0.90°C, 
and t h e  a s s igned  m e l t i n g  p o i n t  of +1.65'C f o r  pu re  h y d r a z i n e ,  i t  was 
a s c e r t a i n e d  t h a t  t h e  mole f r a c t i o n  of hydraz ine  must be  0.9496, and 
s i n c e  t h e  composi t ion  of t h e  hydraz ine  by a c t u a l  a n a l y s i s  was known, t h e  
f o l l o w i n g  must be t h e  e f f e c t i v e  m o l a l i t y  of t h e  i m p u r i t i e s  w i t h i n  i t :  
H2° 1.91% 
NH3 
0.06 1 0.162 mole ( e f f e c t i v e )  
0.16 A n i l i n e  
Hydrazine 97.87 3.054 moles sz 0.9496 mole f r a c t i o n  
C = 3.216 m 
Hence, i n  t h e  p r e p a r a t i o n  of s o l u t i o n s  of ammonium p e r c h l o r a t e  (assumed 
H 0 c o n t e n t  = 0 )  i n  h y d r a z i n e ,  t h e  0.162 e f f e c t i v e  moles of i m p u r i t i e s  
would be inc luded  i n  t h e  f i n a l  mix tures  i n  t h e  p r o p o r t i o n  expec ted  from 
t h e  we igh t s  of hydraz ine  used .  F u r t h e r ,  s i n c e  t h e  r e a c t i o n  of ammonium 
p e r c h l o r a t e  w i t h  hydraz ine  is assumed t o  go t o  comple t ion  t o  form hydra- 
z inium p e r c h l o r a t e  and ammonia, t h e  t o t a l  moles i n  s o l u t i o n  i s  expres sed  a s  
2 
+ 2 M  + M  NH c104 i m p u r i t i e s  'm = % 2 ~ 4  4 
and t h e  moles of hydraz ine  i n  s o l u t i o n :  
- 
M ~ 2 ~ 4  - %,cia, - Ms 
The mole f r a c t i o n s  of hydraz ine ,  t h u s ,  a r e  g iven  by: 
2 1  
The me l t ing  p o i n t  d e p r e s s i o n s ,  AT, can be s imply computed; t h e y  a r e  g iven  
i n  Table  I V  f o r  t h e  composi t ions  used  i n  t h e  expe r imen ta l  d e t e r m i n a t i o n  of 
t h e  f r e e z i n g  p o i n t s ,  and a r e  p l o t t e d  i n  F i g u r e  7 f o r  comparison.  The 
g r e a t  d e v i a t i o n  between observed  p o i n t s  and computed p o i n t s  i s  not  a t  a l l  
unexpec ted ,  f o r  t h e  d e r i v a t i o n  of t h e  e q u a t i o n s  used i n  computing f r e e z -  
i n g  p o i n t s  is based on t h e  assumpt ions  of i d e a l  s o l u t i o n s ,  cons t ancy  of 
h e a t  of f u s i o n ,  and t h a t  t h e  e f f e c t i v e  m o l a l i t y  of t h e  i m p u r i t i e s  i n  
hydraz ine  remain c o n s t a n t ,  Perhaps  t h e  g r e a t e s t  e r r o r  t h a t  can be  
a n t i c i p a t e d  i s  t h a t  t h e  c a l c u l a t e d  v a l u e s  a r e  based on t h e  s e p a r a t i o n  of 
s o l i d  hydraz ine  from t h e  s o l u t i o n s  a s  t h e y  f r e e z e  (or hydraz ine  c r y s t a l s  
a r e  t h e  l a s t  t o  m e l t ) ;  a n a l y s i s  of t h e  s e p a r a t e d  phase i s  needed t o  
r e s o l v e  t h i s  p o i n t .  The agreement of c a l c u l a t e d  and observed  d a t a  a t  
low c o n c e n t r a t i o n s  of ammonium p e r c h l o r a t e  (less t h a n  about  5% W/W) i s  
e x p e c t e d ,  and t h e  l a r g e  d e v i a t i o n s  a t  t h e  30% l e v e l  a r e  c u s t o m a r i l y  
found when t h e  mole f r a c t i o n  of t h e  s o l u t e  n e a r s  0.50 i n  n o n i d e a l  s o l u -  
t i o n s .  A p l o t  of t h e  me l t ing  p o i n t s  a s  a f u n c t i o n  of t h e  mole f r a c t i o n  
of hydraz ine  is  e s s e n t i a l l y  s i m i l a r  t o  F i g u r e  7. 
CONCLUSIONS 
The long-term s t o r a g e  tests of ammonium p e r c h l o r a t e - h y d r a z i n e  
s o l u t i o n s  a t  e l e v a t e d  t empera tu res  i n d i c a t e  t h a t  t h e  s o l u t i o n s  a r e  
s t a b l e  f o r  seven months a t  75OC f o r  a 10% s o l u t i o n ,  6OoC f o r  a 20% 
s o l u t i o n ,  and a t  52OC f o r  a 30% s o l u t i o n .  
The t h e r m a l - s t a b i l i t y  bomb tes t s  i n d i c a t e  t h a t  a 20% ammonium 
pe rch lo ra t e -hydraz ine  mix tu re  can be  main ta ined  a t  8OoC f o r  a t  l e a s t  
18 h o u r s ,  but t h a t  d e t o n a t i o n s  occur  w i t h i n  a few minutes  of h e a t i n g  
a t  about  100°C. 
The proximi ty  of t h e  80°C t empera tu re  f o r  sho r t - t e rm s t o r a g e  of 
a 20% NH C10 - N  H mix tu re  t o  t h e  6OoC t empera tu re  f o r  a long-term 
4 4 2 4  
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. 
s t o r a g e  i m p l i e s  t h a t  a s  a s a f e t y  f a c t o r ,  p r o p u l s i o n  equipment should  be 
des igned  t o  ma in ta in  t empera tu res  n o t  t o  exceed t h o s e  i n d i c a t e d  by the  
long-term s t o r a g e  tests: 
Maximum S t o r a g e  
4 2 4  Temperature ,  OC 
% NH c104 in N H 
10 
20 
30 
75 
60 
52 
The f r e e z i n g  p o i n t s  of s o l u t i o n s  of ammonium p e r c h l o r a t e  i n  hydra- 
z i n e  a r e  anomalous; a 30% s o l u t i o n  becomes v i s c o u s  and beg ins  t o  f r e e z e  
a t  about  -25OC i n t o  a g l a s s y  s o l i d .  
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